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Report:
The sorbed samples have been prepared using the classical batch procedure at

room temperature by mixing a weighed amount of powdered solid with an uranyl
solution. The concentration of uranyl ions on the surface has been determined directly
on the solid by PIXE experiment and the sorbed samples have been first studied by
spectrofluorimetry and XPS in order to identify the number of complexes located on
the surface.

The U LIII edge has been recorded using the 4-elements detectors. The
backcsattering phases and amplitudes have been extracted from ab-initio calculated
EXAFS spectrum (FEFF7.02 code) of the reference compounds UO2(TBP) and uranyl
silicate compound (UO2)2 SiO4. 2H2O. We have prepared different sorbed samples in
order to detect any change concerning the structure of the sorbed species versus pH or
nature of the background salt. The same study has been performed on the U/ZrO2

system as comparison. The results are the following:
The obtained results, for both in situ and dried samples, are rather similar and

clearly show that there is no effect of the drying step on the structure of the sorbed
species.

For the UO2
2+ (10-2 M)/ NaClO4 / ZrSiO4 system prepared at pH=3.0,  it seems

that the uranyl ions are sorbed on the surface as a tridentate complex (three oxygens at
2.36 Å). Moreover, the XPS results on UO2

2+ / ZrSiO4 and UO2
2+ / ZrO2 systems have

shown that the uranyl ions are bound to the oxygen atoms of the surface silicate
groups. The two oxygens at 2.54 Å could be attributed to the OH groups or to water
molecules. The third peak of the Fourier transform is attributed to one silicium atom
contribution at 2.76 Å.  For this sample, it appears another intense peak which comes
from the backscattering of one zirconium atom located at 3.50 Å (Fig. 1). It is
interesting to note, using FEFF calculations, that these results could correspond to an



uranyl ion located on the (100) face of the zircon crystal which is one of the natural
crystallographic faces of this solid.

Nevertheless, the zirconium contribution is not present for the sample prepared
at pH equal 5.4 ([U]=2 10-4 M) and the contribution at 2.76 Å is shifted to 2.72 Å (Fig.
1). Moreover, the uranyl emission spectrum of the sample prepared at pH = 3.0 is
quite different than the one prepared at pH = 5.4, which means that the sorbed species
are not the same for these two pH values. This difference is not yet well-understood.
One hypothesis could take into account the uranyl speciation in solution and thus, the
species obtained at pH=5.4 could be one amorphous precipitate (UO2)(OH)2.
Therefore, the pic at 2.72 Å could be due to the OH contribution.

For the UO2
2+ (10-2 M) / KNO3 / ZrSiO4 sample prepared at pH equal 3.0,

the spectrophotometry experiments have shown that there is only one sorbed species
on the surface which should be the same as the one in NaClO4 medium, the free aquo
uranyl ion. Moreover, the Fourier transforms are identical in both media (3 oxygens at
2.37 Å, 2 oxygens at 2.54 Å and one silicium at 2.77 Å).

[NaClO4] = 0.5 M ; pH = 3.0 / 5.0
Axial

Oxygens

Equatorial

Oxygens

Equatorial

Oxygens

N 2.3/2.2 3.0/2.7 2.0/1.8

σσ 0.041/0.020 0.064/0.075 0.0078/0.086

R (Å) 1.81/1.81 2.36/2.35 2.54/2.54

∆∆E (eV) -2.4/-5.4 11.9/13.3 11.9/13.3

Up to now, the analysis of the UO2
2+ (10-3 M)/ NaClO4 / ZrO2 (pH=3.5) and

UO2
2+ (10-2 M)/ KNO3 / ZrO2 (pH = 3.0) sytems gives the following results : 3 oxygens

at 2.37 Å, 2 oxygens at 2.54 Å and one zirconium at 3.52 Å. This part of the study is
still under progress.

Fig. 1 : Fourier transform (not phase corrected) of the experimental EXAFS spectra
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